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¥y terial Balance on
T and X at K25

Ia & meeting in yowr office on October 25th, a latter from
Col, Nishols to ir. Conter was discussed, =herein Col. xichbll
requested informt_icn on the present state of material balancex
in the futare. Col. Hichols was especially interested in sccurate
‘material belances 23 & guard against accumlation of a "oritical
mss” in the plant, |
The attached memcrandum by Yr. C. Daniel of the Statistics
. Seotiom of the Process Analysis Department gives a review of the
history of Material Bthna-; at K-25 togsther with a summary of the
present status of Material Balances and expected improvements,
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Status of Overall Material Balance on T and X at K-@5 = -~ Ce Daniel

—_——_____.—_—-——-————_———_

The importance of accurate material bal ances in the diffusion plant
was clarly recognized by M. Benedict as early as January, 1945. Detailed
statisticsl studies of the obtained and required preci sions of the necessary
measurements were started in April of that year. As soon as thesa studies
produced definits recomnendations, the Carbide management set up a special

Material Accounting Section. At least three factors combine to give this
problem its importamce:

a. The rate at which the plant's metallic surfaces consume process
gas is only roughly known from lasboratory data. Productivity
calculations for different operatirg cond it ions are limited in
their usefulness if consumption is not accurately imown. Accurate

material balsnces on T and X will give valuable information on
this point.

b, Control against possible diversion has many aspects but one im--
portant guarantee against theft is provided by material balances.
Not only the value of the product but its effect on national

safety make this aspect of material balance one of considersbie
urgency.

c. Under certsin plamt operating conditions the possibility of a
spontansous chain reaction occurring in corrosion products with-
in the plamt must be guarded agsinat. Material balance may
assist in eetting an upper limit on such accumulations.

The report "Accounting for T and X in the Dif fusion Plant”, No. 2.16.13,
by M. Beedict, C. Daniel and A. M. Sqires, (April 3, 1946) gave a preliminary
discassion of the factors affecting the precision and accuracy of overall
materinl balences on T and X. The methods there proposed have been extended to
current plant conditions, amd many refinements, improvements, and short-cuts
have been introduced. The Analytical and Hessarch Laboratories, the Material
Accounting Section, and the Statistics Section of the Process Anslysis Depart~
ment cooperate clesely in these agtsers with the Operatirg Depart@ert s.

Table I summarizes the results of all the invent orie s and material
balances run to date, Because of the pins factors listed below, however, the
average values for Unaccounted-for T and X canmot be relied upon, nor can
their stated precisions. The latter quantities represent. the uncertainty in
the quantities indicated due almost entirely to uncertainty in process vari-
ebles) even theee are in an unsatisfactory state. The stresm-uncertainties
and systematic errors in stmdards jndicsted bslow may well multiply these
uncertainties by a factor as large as 3. These value s cannct, therefors, be used
to estimate consumption or accumulation of solid X ar T inventary in the cas-
cade. As soon as the nine factors listed below are studied, however, it is
expected that overall material balances will suffice to determineg the un-—

acccunted for X wit hing about 30 kg. per year {or within about 3 kg. per month,
as explained in the report 2.16.13, see above).

Material balance at the present time can be used to detect accumu-
latims of X in the plant of the crder of 6-10 kg. between two inventories.
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, Further improvement may te looked for along at least three differ—
ent lines. In the first place, a considerable number of measurement problems
remain unsolved; secondly, some orgenizational or accounting obscurities remain

to be cleared up; and finally, a material balance on U=-234 can be used as a
check.

Unsolved measursment problems include the determination of certain
systematic errors as well as the estimaticn of the opsrating precisions of
plant instrunents and operation. There are nine of these that are known to bs
of considerabls importance:

1. The chemical purities of the four main plant streams are not
v’ known with sufficient precision or accuracy. The purity of
\ the normal feed is taken as 100,0% but may well average 99.95%.
\* This is not a negligible differsnce.

[

2. The chemical purity of the martially depleted fced my
(/ be as low as 99.5%, This will mmke & large differomes in
the overall m:torial bal:znce on T,

\/ 3, The chemical purity of the ~aste stroem is celled 100%
for material socounting purposes but may he off by somm
sall ancunt, 1ike 0.02%: The ladboratory enalyses civen
at present are umusable. 3inoe they vary in both sides
of 100% by as muchas 1%

/ l,. The chemical purity of the rroduct nay well be as low
as 99.%.

5S¢ Systematic errorz inche stendards used for isotopie
anslysis may be large emocugh to make large differences in
the material btalancs on X. The abaoclute conoemtration
of normal meterisl will, we hope, scon bs knomn with
sufficient aocurady.- —

6. The acourasy of the -msteestandards must also be kunown with
a stated precisiom.

7. The ssourescy of the measurements of product isotopic come
centration mist be detcrmined within s tated limits,

‘8o The precisicm with whioh fluerocarbon conbtsmivant (c=816)
48 measured in the c asonde is at present unknown end hence
ig pot properly alloved for in the mterial balances.

9. The yrecision of messuremmt of light oontaminent {c-7)
in the cascade is likewise not rom and hense not core
rectly allowed fore
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Thsolved sscounting problems probably e iso oxist ovef and abeove
these errors of measurspent, The disappearamce of 8 kg of X in August
and its sudden ree-appearancs inthe £irst week of Septemdber can
hardly be an oyjeotive occurrence but must be an error of recording.
The cocurrense of Apparent loss in unaccounted-for T, with a grin
of wnmccountedefor X also seenm to m;caeutzat sous orrors of I'oe
cording &re ooCWrTinge |

The current situstica mey be scumsarized by stating that X5
now has some large fraction of its inventory probloms wmder control
but it must be sdmitted timt the condition originally required (as
to meximm tolersble unsccounted-for U235 per year) is not yet
being mebe | , .

| Ths values reported in Table I, then, cannot be used to Judge
upper limits om m posaible accumlation of U-235 in the ditmnim
osscade, sinse too many of the nine fastors mntioned above are
assumed negligible in the absenve of evidense. If we ars to bolieve
the figures in Toble I, thers as been no sosumilation of T (orX)
in the three mouths July 1 to Ootober 1. There is, on the contrary,
rtthar good reason %o suppose however that about 270 kg of 2
(270 xg) has been depositad during each momth. Sines the wmocouatede
for T and X reported in Teble I imoiudes consumption (all corrosive
produsts Cormed, all nomegasecus Tecontaining inventory) either the
smounts reperted, or their precisions, or both, are in error.



STABZARY OF MATERIAL BALANCES AMD INVENTORIES AT X85

- UP TO 10/1/L6

Change in ascade

: Inv

Dates b o
July 1 te £ 150
August 1

1t 16
September 1

Septanber 1 Yo # 200
Ogtober 1

Septesber 1 to ¥ &8
Septasber 9

September 1 to - 32
Septaxber 16

Septeaiber 3

Septenber 1 to # 18
Ootober 1

e

- 506

- 342

4 2k

TABIS T

Casoads mterial Salance

__Umooountied ¥aterial
Te T Te X
-2 4L
- @i-f Ll
=320 4 18

(8Xq,0)0

(AXey0)

(32,9

(A%q,0)

The firat three lines in this table include X and T in
surge drums, oold traps and carbon tramss The last four
lines include ouly X and T in active stages.

A plus quantity nesns s gAln, & mivms & losse

* Xy, o FOFesats errished X shove feed concentratiome

." 2.5_5 106
£ 802 £ 19

= 0l Zf 2.0



